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PROBLEM TO BE SOLVED: To provide a charging rate estimating device for a secondary battery 
capable of accurately estimating the charging rate SOC. 

SOLUTION: In this charging rate estimating device for a secondary battery, adaptive a digital filter 
operation is performed by a battery model of continuous time series showing in the formula (formula 1) 
to estimate parameters collectively corresponding to an open circuit voltage V0 as offset clause in the 
formula (formula 1) and A(s), B(s) as transient clause. The relationship among the current I, the terminal 
voltage V and open circuit voltage V0 of the secondary battery is approximated by the transfer function 
showing in the formula (formula 1), and the clause of the open circuit voltage VO is regarded as an offset 
clause, whereby the adaptive digital filter of the least square method or the like can be applied. As a 
result, the parameters in the formula (formula 1) can be estimated collectively. Although these 
parameters are influenced by the charging rate SOC, temperature and degree of deterioration to be 
varied, estimation can be sequentially performed by the adaptive digital filter with good accuracy. v=B 
(s)/A(s).l+1/A(s)V0 ... (formula 1) wherein, s is Laplace operator, and A(s) and B(s) are polynominal 
function of s. 
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12 0-cii. (a 1 5 ) aucas-^wc, TOftrtsraasR 

(k) ifcttB*5@RT d (k) *jKWt^4. LT 

xf7/s 1 3 ot-{±. ^*>KttLT*jvvfcTO6»ttv 
77 (H7) £fflwc, m?fi^t^^»aii-4. fc*f 



m&mr ( k ) izm t x . to>«rbw> -? >y r**iE« $ 

flTfcD, *S&ft 6 0 -CfHH LfcTOft&KfcJS tTjS-& 
-t4Vx:7*#25iR£:h.4. 

[ 0 0 4 8 ] 08 li, £ft&f 1 ilf SUfcW 2 KtJfti 

aS, SMsJ3it^EI5c^MWB»ttT3tiiJS*».4) 
v^xSjLU-^a^JSft-CiiS. IS 8 £-5 

LTfcO. aaMtt+Tfcfltfc:. jOK:BH»*EEV 0 ** 

[0049] <St*M3) iit*TBW8L.fcJ:3t:» H 

ifc^rfc ft ffijH#984 . -t W& ; ri?9>V? -f )V 
flzm^X^Z ft/MJftft tc J: 4 38838^ t;1^ 

-fmfcmrfMmizvRZi ttzmz. ssessfc-wm/u 

< cr>x\ ;*y*-7mfem i W.i&^7*-7<o$zmziM. 

mx'%%\.K 

[0050] ttz. mfc^fz/fjuy j >u?tzm^x^& 
-%.<?>mM.mmx'mmT : J?}vy < iv* zmn-tz 

# < 3Wt L . Steffi t fc«*$raUM8Jffl#* 4 OT. 
-«cO?HS:MIsjt'{i:«My ^ ^ - ^ U at *&K»4 

[005 1 ] JiTFs HS6CT3. LX. 

S:Si B J-t4. mediate, «ffT-*^4^-5y-^* 
{i-^SBT#ras&^E}i^¥S^Jii^ : &)«a-fi:-r4^fiS; 
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9. mi 20>jmTBm0)iu-+rc&mzixhi><r>b 

(4S&S. Srii. < k ) fcH-EOflL (k-qMiqB 
«rofSSr*Wcr*. 2*:. «IS75/F INI. 

[00 57] *-$\ 1 OTIi. 

Rl5T1*aJUi«iBI_A(k) fc. S*?«JHftai*» 
1 6-C«ajUfc«iHPttEV_A<k ) fc£R*iitt. 

•/rsA2 0tit ft«Hi3i*7 9^(cai^v^a«Hk 

SrfflH"*. *flHHk»*75^FINI.A-l («J*B 
ft:S)O*&tiXx-y7 , SA3 0^tJ. FINI_ 
A = 0 (Wffc: I^S) «0*S£-»4X-f 7rSA40^ 
tr. Xf7rSA3 0tli. tOHMfcHHfcfrS. -T^ria 
Mi£0Ut4TK (gel 7 ) sStcRjgL-cauSx 
-f (Hjer/UrfUXAfc two ) VtoNHt 

«tv\ ssgHj&^icfc^^msssasffi I _A_ i n i 

fc. aSFP«Efc»IMV_A_i nit, fli&«ffMMV 
o _A_i n i SrJWlU ^f'y/S A4 0-^Jitf. 
[00 58] 



:i 7] 



n 

0 
0 
0 



■UOe* 



fc*«aj3fc5rV\ LtaPoTft^b 2fl«>MRWEJfldg 
[0052] HM0tJ3 £*5WH4. WftiaSfcWEfc L£ 

SWfflJW*SEiTV^4. 0Uff 25*CT'<41#\ OXTC" 
(±0 . 5#. - 2 5'C-CJi 0 . 1 fpmSX'h *} . SJSOffi 

[0 0 5 3] W^^iBWfcJfflffii: LTtt. 1 

*tROfc£JHv\ Vt H44-|II<Dffi2:fflVvCV=R I + 

[0 0 54] H9ti. 58tt«3*«ffl8ra v ^T*Ufc 

fcfcwc, 1 U4IH»«BtJE*RA. l2til»»1SE 
8££3M&B-e& 0 . WvWilMHH l «oau67 -f 
g^K 1 1 RffiftWEiR*¥gt 5 (V&jiHznm-tZ . 1 3 
(4l!S&mffitSg#RA 1 1 fcffiKWE&g^RB 1 2 £■ 

fff* s oc«»#g, l 5 (±mM^BSfi-Sl#g ( M 1 

07 tew a > . 1 6i£mmEsmt&. (Bias en 
a ) , 1 7 ti«B>iBjK«ttb#i9 ( a 2 cDastf 6 o t« 

[00 5 5] HI Hi, 09<»&mEit5£#RAl 1 
lcfflS-fi»?IflL^aS-^-r7 0-^^-h, HI 214. 

H9cowssmff«s*SB i 2(cffla-r&aMafflisr* 

t7D-ft-h, 01 3(4, 09<75=6J»Hfc#Rl 3tc 
[00 5 6] BllKgWC, co/^-fya- 

30IHHT A «WCjtlt**L*. JfflHT A «. <8i>&g (01 

i«2 5-c) tc**&tfuraxi-»b*. «ne <» 

12-1)*. (»12-2X, (R13)*. (R 
14)*. (R 1 5 ) *^**Tflffi$;h.*£T0>3fi» 

(MsssEtt^ffl^iDasffi) = imf¥WB*&m - iiomssmjem x («am 
aid) - (ai8) 

r o (k-1 ) £:JHv*S:frifei*>5. 



0 

1 
0 

0 

1 



0 
0 

1 

0 

1 



(R17) 



l]-L0e- 



b . Sfl£E«VA. init. fflKWEaXBfiv 
o _A_i n i JiTlfico «* 5 fcr&S . 
I_A_i n i = I _A ( k ) 
V_A_i n i =V_A(k ) 

V 0 _A_i n i =V_A(k)-NAI BU(k-l)Xl_ 
A(k) 

F I N I _A= 0 

FSHU_A=0 (FSHU_A{4JtX^7 7^*) 

fc«u NAiBu(k — 1){4. m\<r>ftnmxwm. 
wx-hh* ?nscw5^* i msEi_A=0T'S>ix(4". mm 

n*K§H»«ffltS6«0*!aSffl*TEO (»1 8) *T1S 



o 



A i n i =V 0 (k-1 ) 



±E (R 1 8 ) *Oj: o iltf. rtgi5«St«^ffl 
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[0059] xf-vrsA4 0tii> Tia<oj:o(c. -e 
i_A(k) t4^?^E^»-ffiAv_A(k) *nmt&. 

AI_A(k) = I_A(k)- I_A_i n i 
AV_A(k)=V_A(k)-V_A_i n i 
xr-'y 7SA42 Ttt. BH»i»EJi5£*KA l l <r>mg. 

wnm. l«:36>5*»* . wsuksmA i _a ( k ) rwe 

5 A) T*fti£. ^gKilRJfiL'tV^fciaJK (YE 
S) LfctffX, AI.A(k) SBffi(fi com 

^iJR^L7ttcot¥'JairLrx-r-yrSA4 4^ji^, ■ 
-f-coffeeo^ (NO) liXf'yrSA5 Cvittr. 3: 

-rSi^^^LTti^. Xx /7'SA44T1i, m 
KUffitS^&A 1 lOit^fit^TOL^t LT. flXS? 
75/FSHU.A=ltt5 (COOHI) . 
[ 0 0 6 0 3 Xf y r S A 5 0 T(i, «8S**HiA I _ 
A(k) tSflffH*lAV_A(k) fc. y-fXHJ* 

*>"C*8S3MHSA I . A (k ) iffiftffHMAV_A 
(k) fc-f£. Xf77-SA6 0Tli. fflEfx';/^ 
-fyl^lC, AI.A(k) J3«tlA'AVA(k) fcAflt 
»K (»1 3 ) **awr4. HSiEMtfffifc 

^S^TOkti fctf>T* & . 
u(k)=Al_A(kh y_A(k)=AV_A(k) 
<9T( k ) = <- ai (k). b 0 (k). b, (k). -c 
, (k)> 

cot (k) = {y(k- 1), u(k), u(k-l), r(k- 
1)1 

r(k-i>ii (»i4) arcxm-ti. 

[006 1] X9--y7SA7 mi 2-1) 

mi 2-2) (si 4) *tauw-*. xf 

77SA80T11 (SI 5) sSfcSWU TzZCOXo 
AV 0 _A(k) , R t +R 2 . Ri 'Ci , AV_ 

A(k>£#a&&. av 0 _A(k ) itm&imm 

«BW»<9^SBK«E«S«OSHt*, AV.A(k) tijt 

AV 0 _A(k)=-c, (k) • r(k- 1)/{1 +a 
, (k)} 

R 1 +R 2 = NA I BU_A(k)=<b 0 (k) + b 
, (k)>/{l+a, (k)} 

R t • C, = J I TE I_A(k) = -T 0 /I n(-a t 
(k)> 

AV.A(k) = -a, (k- 1) • y (k- l)+b 0 (k- 
1) ■ u(k) + b, (k-D-u(k-l)-c, (k- 



1) • r(k-l) 

Xf yrSA9 0T'(±. TU<0£?lZ, HHSSUBtjai 
V 0 _A(k) fc8Srpi&EJi3£fiIV_A(k) Sr*aj-f*. 
O^O, Xf--yrSA8 0T-maiLJtAV 0 A(k) <i 

**l(cBBK*£HaflflHIV 0 _A_i n i SrflOgLT 
PSS«JEit^(iV 0 _A(k) «r*art-*. AV_ 

A(k) \tm&TJuzrvx&mttMfrt><om : F9E(ry£ 
MtX'bhfrb, *ti\,zWi=?-nB.imm.v _ a. inij 

V 0 _A(k)=AV 0 _A(k) + V 0 _A_i n i 
V_A(k)=AV_A(k)+V_A_ i n i 
Xf"/7SA1 0 OTte. &H<08WteBR*R«S:« 
#LT, BHK*EiiSg#RA 1 1 cO^EgCg^T-f 

h. 

[00 62] 01 2ii, RBMEJE«£¥KB 1 2<K7u 

Srtwwwtrc**. frie (Si 2-1 ) a, (s 

12-2)3*, (»13)S, (Sl4)i^ (SI 

B %<T))v- + >x'®m ztiz> t> <ot* o . ia 1 1 ^jum 

*»HfcB* 77/FINI.B OlottittJIM* IT**. 
[ 0 0 6 3 ] Xf 7/S B 1 0T«2, «SiE&aj#K 1 5 
Tttffi Lfc«SE I _B (k ) t . S7-«ff^ffl#S 1 6 T 
«JflL5tSgT-«EV_B(k) fcS:B8»atf. Xfy7S 
B 2 OTli, 4dtMfc5^75^(c^vvc3ij^*¥!l»r 

oto. mutm^y^^F ini.b=i 

(S) O^{iX7 1 >yrSB3 0^3itf. FINI.B 
= 0 (ypS) mm&&X^v7SB4 0"3lttt. Xf7 
7SB30tll tDJ«-ffc«SIS:ffa. MM 
£<*U«fMiE (SI 7 ) ^tcig^LTjiiST-'v-'^/U^ -f 

m^^zn^hmM^mm. i _b_ i n 1 1 , mrms. 

ffi®mVB_ init. WS§mEluiBfflV 0 _B_i n i 
S-UffiU Xf-yrSB4 0Mtf. 

[0064] ±s&vm&mitfm&iz&tf&n.m$mm i 

_B_ i n i i: . ^7-mE%J^(lV B.iniL fSS&m 
S^BfitVo _B.ini JiTISO «fc 3 t5rS . ^TtfL. 

n a i b u ( k - 1 ) juaw^rtaffisaafflrr* ■& . 

I _ B = 0 T*tt(f , raSimJEfe^ffl 
fiffiT-mEWJfil^Lv^. 4fe. iR^7 7^2r^UT 

I_B_i n i = I_B(k) 
" V_B_i n i =V_B('k) 
V 0 _B_i n i =V_B(k)-NA I BU(k— 1)X I _ 
B(k) 

F I N I_B = 0 
FSHU_B=0 
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mv&wmzwas. <»i 8) arc**-*-*. 
[0065] mssm&vimmt lt, tie^j: o 

gfrOMSS^Eii^fflogafflVo (k- l ) h-T 

6 

V 0 _B_i n i =V 0 (k-1) 
AT77SB4 OTIi. TIB^«J:^tc. tgSK^HlAI 
_B(k) fc*F«EEaMH([AV_B(k) Srgaj-f*. 
Al.B(k)=I_B(k)- I_B_i n i 
AV_B(k)=V_B(k)-V_B_i n i 
Af77SB4 2tli, 5SS&«£E8i5g*&B 1 2<0«5t 
tt#lK5B LWSfr* . *SS*HtA I _B ( k ) T'fJS 

5A) TJMiar, «Be«iiR5l!LTV^4i:iaiBraj**. 
L7t* { o-C. Al.B(k) SBfJgffi <0*£fi, >K3?L 
£fc¥Wr(YES~) LTXrv7"SB4 4^ii^, *tf> 
fl!stf>*§-& (NO) (iX-f yTSB 5C\iitf. 3r*K JR 
S¥te*SBH=i-4!t«>t. =Sr»f 

[0066] Zrr yyS B4 4X'\t. KJS&WEtJ£#© 
B12<Oftje«W«lR*LfckLr, IR^77^FSHU 
_B=li;-f&. Xf'yrSBSOtll fESKIBttlA 
l_B(k) kJB^«£EaWMlAV_B(k) l=, s^xm 

ffi^-c mmtm a i _b < k > t mffn^ffl a v_ 

B(k) ft*. 

[0 0 6 7] Xf-y7SB6 0m jSJCt^^^ <f 
AI.B(k) i5«ktfAVB(k) £A7JLT. 

(ri 3) **ai»rs. «aa«Hafc«^«ffi3i4HB 
-mimmz&otLx^&vT. mxammumz 
&tmbX'&&. 

u(k)=Al_B(kh y_B(k)=AV_B(k) 
5T(k> = <-a, (k), b 0 (k), b, (k), -c 
, <k)> 

a> T (k) = <y(k-l), u(k), u(k-l), r(k- 
1)} 

r(k-l) »4 (114) &frbnib-f&. 
[0068]Xf77SB70tlt (R12-1) 

(Stl2-2)S, (R14) *«rfir3. -X^-yT* 
SB8 0TU:, (Rl 5) fc**U AV 0 _ 

B(k) i±m^WMI&m*b0MKWBe&*0&M£ 

ftx-h*). Av_B(k) im^mnmibm^^^m. 

AV 0 _B(k) = - Cl (k) • r(k-l)/{l + a 
i (k)> 



R t +R 2 =NA I BU_B(k) = {b 0 (k) + b 
, (k)}/|l+a, (k)) 

Rj 'C, = JITE.B(k) = -T 0 /In{-a 
, (k)> 

AV.B(k) = -a, (k-1) • y(k-l) + b 0 (k- 
1) ■ u(k) + b, (k-1) • u(k-l)- Cl (k- 
1) • r(k-l) 

xf77S B 9 0X-it. T1BOJ; die. H9KWEJg£tt 

v 0 _B(k) t^m&m^mv_B(k) &xm-th. 

H.*). Xf-yrSB8 0T&£BLrt:AV 0 B(k) Ji 

**lt=IMMflS*JJWfflV 0 _B_i n i ZtinMLX 
H!K*fflfcefflV 0 _B<k) S:*ai-r4. ifc.AV. 
B(k ) iiRj&T/l^ yX^MS^»fctf>S8^*E<?!>Se 
■fefl-C***^, */lfclSfff«E«flfflffl[V. B.iniJ 
SD*LTSS^mE}t^fflV_B(k) «:*ajV&. 
V 0 _B(k)=AV 0 _B(k) + V 0 _B_i n i 
V_B(k)=AV.B(k)+V_B. i n i 
xf-y/S B 1 0 OTIi. #E10fStgfc:^$:Rffi£# 
#LT. USSSmffit^KB 1 2 04-H^a[*S*T^ 
4. 

[0069] 01 3(4. H«fei29 (DWMt^& 1 3 Cffl 
li^#SA l l kBBK«ffl6Sg^SB 1 2 1 «ofir*uoji 

mr c mzmt&ziiz. mmr c hweo]b»!t a t 

fil»JT B i 9*SvHrc**. =3ri3. Hi 3fcJ3wr 

«. BH»«s»je¥aA 1 1 ^*^sia. pj&sffitsg 

^gB 1 2SrJtJg»B4:«jFL,TV*S. 

[0070] xf7 7sc i o-m, HI oom^ffl^ 
#sai#gi 7-c«aiLfcWfiaKT(k) 

.KOKL y^X|$£07ttoC:7 4;u?8UI£:LTkJ: 
<»\ Xf77SC2 0-C'li ^•fb7>.£®tt£«5t-f 
4. iO^JJgtt«r@<7)«BflHb&»^<OI*iaCNT I NT 
(k) fc:a£-?vvrfr3. OCNTI N I (k) SW5g 
(1 <0UJ£1 0#) WJ0Hl3Wi»i: ! WKL"C 
Xr--y7*SC3 0^3itf. ^mco^itC 2 5^ii 
tf. fcrtfU WICNTIN I (k) =0T*>*. 
[007 1 ] Xf77SC2 5T'Uu mM»!ft#>4><7> 
^SrffR-f-S. 

CNTINI(k) = CNTIN.I(k-l)+l 
Xf77SC3 0tl±. «?fiSjKT(k) tCgcH^T. 
UBK«EHtJe*SA 1 1 fcUHHreflEJtje^RB 1 2 fc<0 

5£¥F5A1 lcoWt^mmtl { 2 5X:x\ R9K«£Qi%#K 
B 1 2 flDlfc^aKtfO'CT'&o T(k) SBf 
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fcmmtif 1 5*o m&mm$L*mA i 

8§SE«IS¥SB 1 2Sr^-ft-ri.^X-f-yrsC4 

o^iitr. zcomnmor. ms&m&m&^&B 1 2*^ 
•&ltv->£<o-c\ x-f-yrscso^iitf. 

[0072]^f77SC4 OT'ti, HHS&^ffitJg^a 

ai iA'-a^LTv^^-^c7)T\ ffl8&wmmfe*&B 

1 2S-to«S^-fS^l^ %)M<l7y7Zlb*rh. tz 

*fu n^^-ft^as-ffo^iHtneiai 2^^^ 
rsB3 0T&&. ii"c*j»HfcSfiftoT, fir 

EJ^ffl-fb^cOlSHCNT I N I (k) fcJR^7 5^ 
FSHU.BJ^'JTtS. 

FINI_B=1. FSHU.B = 0, CNTINI(k) 
= 0 

^f77SC5 0m MffiW&Mtt&B 1 2tfmS 
LTV^i^&^-C, PJS&«ffii5g^aA 1 ltWWfc. 

■*-*fcftic. WMtyy?* i t-rs. fe^'L, xrr& 

tt«Hk«yi*fTd^±13ffiHl lcOXr-xTSA3 OT 

<i«CNTINI(k) fciR5S7 7:/FSHU_A£ 
7'JTtl,. 

FINI.A=1, FSHU.A = 0> CNTINI(k) 
= 0 

^fvTSC 6 0 Ttt. WW-fbSfut^-WWWWEitje 
#a^»Sffi#>KmL£#^*>£¥<J5g-f & (YES : JR 
5£L*:*§-£\ NO : *JR^«50%^) . ZLCXOPSSmffit 

s&nEEmM^&omg.mwzi LT v^Ote, F S H U 

_A=1X\ A^FSHU.B=1 <7)i&&t31X'fo & <T> 

x\ xr-yrscso^atf., *<ofl6tf>*&tt, WMfc 

$ tittnms&mEm^&nmg.mffqm lt v * 

EU±BHKttEHi£¥RA IK Bl 2^C«JJ»fbLTV% 
[0073]Xf77SC7 OT'ti, «MM:$fl^^rO 

«rniajRUfciw»«s«^#ao«««[fcL-c. bh»« 

ffejfifflVo (k) fcfl»JSSi*3MNAIBU(k) £ 

[0074] FSHU_A=1T\ *>OFSHU_B = 0 

V 0 (k)=V 0 _A(k) 
NAIBU(k) = NAI BU.A(k) 
FSHU_A=0T\ *>OFSHU.B=l<0i^li. Hfl 

«&«Eitje^»B 1 2£3itrc-rs. 

V 0 (k)=V 0 _B(k) 

NAIBU(k) = NAI BU.B(k) 

FSHU_A = 0T\ A>OFSHU_B=0(7)%&li. IS 



TV^VM £#J*LT . H!»«ffitSg#RA 1 1 £iM 

V 0 (k) = V 0 _A(k) 
NA I BU(k) = NA I BU_A(k) 
xf77SC8 0 X'it , =fiJ8Hfc$ <tfe*-<0H!»«E«Be 
#^*5tflb&flRJtJLTV>4*>T\ Sfl!ii&gT(k) e 
a^l/0*S6BR*E»J£*SS:Wr*. T(k> ^ 
m^ffi (WittTl 5-C) <o«*{i, RUHEEEtt^BtA 
1 ltfm^LX^&c0X'X J r v7'SC9 O-'MItf. -f-<0 
nK«E»£^aB 1 2 LTl^<0-t' 

xf77sci o o^mts. 

[0 07 5]Xf77SC9 0tli. raS8«BBt^#g 
Al l£SiRL. -t«BH»«ffitJ6<aS:fflv^. 
V 0 (k) = V 0 _A(k) 
NA I BU(k) = NA I BU_A(k) 
xf77SC10 Otii. R!K1KE!ft£#&B 1 2 £S 

V 0 (k) = V 0 _B(k) 

NAI BU(k) = NA I BU_B(k) 

xf77sci i ox-it. mzm5iz7jkLtzwmw£b 
ym&^mmT'yyzm^x. xt77sc7o, xf 

77SC9 0i«i^.f77SC 1 OOX'MtKLtzVo 
(k) H3tWSOC(k) SrWifi-Ti. EI5* 
£7)V L (iSOC = 0%tC. V H iiSOC= 1 0 0%lcffl 

[0076]^, ±ieonsfe«FijT-{i, **i-e*uM<oia 

*teaLfc-O0BHK«Ht«*aAl lfcctl^B 1 2 
3Rffl*OBB»«Et3e#SSr»ffS ^ Xf •/ 7S C 3 0 

^ «4xf -x 7* s c 8 o x-*mfflfr< mm^m^msm 

5g#aS:3!iR-f S X r> tcfitfiS; LT t i v». 
[0077] (XftfH ) 010(1, HSSW45: 

mfcfu y 7T'SILfc0T'£> 0 . H9ft>&1BH>£B£&iti 

^a 1 7 £ m vt i> <r>xh h . z commu . ffiRexn 

Jtroffl-CWUcUaWt-r S J: 3 fcfllJfc Lfc t> OTS> h . d 

a) jtfflJWCJ«t=*fl»fl:L, minmmy <u\s?co 

i. i i: (i* < . tg?fiy < 5 X - ? tfi^tit L t> ^! 

=Sr»«S:*-r 7'n 9 HJifiJlEISl 2 i: |SJ«T-J> i. . 
[ 0 0 7 8 ] 0 1 4tt, ^W-fk^a 1 3 (=fflSi-«>fl6«0 
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dcrii. jusita =t b r**. Hi 3{c*5^ 

TUt. S»«EHtS*SAl 1£8££?IA. ggSSSBESi 

[0079] ^f77SDl OTfcL fr@<^OJ#ft:a»S> 
cORfHCNT I N I (k ) Kg^T*]»fb7)i£gtt£ 
fJ^-T-S. ^OCNTINI(k) SJ9r5gffi ( Witf 

io*) <?)ii&ii. ^mt^iamtpmLx^vTs 

D3 0^i£tf. ^ffi<0^I^T77SD 2 O-Nffi 
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